Aims/background-To report a novel pattern of oculocerebral malformation related to the group of diseases characterised by cobblestone lissencephaly. Methods-By means of a case report with specialist descriptions of the novel neuropathological and ophthalmic pathology features. Results-The patient, born to healthy consanguineous parents, presented in the neonatal period with jaundice, convulsions, and macrocephaly. Computed tomography demonstrated hydrocephalus and abnormal cerebral gyration. Ophthalmic examination revealed severe myopia and segments of retinal atrophy. Cytogenetic investigation revealed a balanced reciprocal translocation (46,XX,t(5p11;19q13.1)) that was inherited from the mother and was present in several normal relatives. Mild short stature and profound mental handicap were evident. The child died aged 7 years. At necropsy the brain showed 'cobblestone' (type II) lissencephaly. Cerebellar cortical architecture was abnormal and the brain stem lacked cerebral peduncles, basis pontis, and pyramids. Biopsies of skeletal muscles were normal. The ocular abnormalities included discrete sectors of retina of varying thickness with disordered neuronal lamination and gliosis. The optic nerve was gliotic and contained few nerve fibres. The anterior iris surface was studded with cellular stromal nodules which appear to be melanocytic in nature. Conclusion-Retinal dysgenesis occurs in the group of syndromes with 'cobblestone lissencephaly', the best known being Walker-Warburg syndrome. In this case, relatively long survival, lack of muscular dystrophy, and novel ocular pathology distinguish it from the other diagnoses in this group of syndromes. We suggest this child was aVected by a distinct and novel oculocerebral syndrome. (Br J Ophthalmol 1997;81:470-475) The development of the brain and the eye are very closely linked, with many parallels in both the morphological changes 1 which take place and the molecular events 2-5 which are thought to underlie the processes. It is not surprising, therefore, that malformations of the eye and central nervous system frequently coexist. 6 We report here a child aVected by ocular and cerebral malformations which resemble those present in the eye-brain syndromes associated with 'cobblestone' lissencephaly (previously known as type II lissencephaly).
The development of the brain and the eye are very closely linked, with many parallels in both the morphological changes 1 which take place and the molecular events [2] [3] [4] [5] which are thought to underlie the processes. It is not surprising, therefore, that malformations of the eye and central nervous system frequently coexist. 6 We report here a child aVected by ocular and cerebral malformations which resemble those present in the eye-brain syndromes associated with 'cobblestone' lissencephaly (previously known as type II lissencephaly). 7 However, novel features in the eye and other clinical findings suggest this child's condition represents a hitherto unreported pattern of oculocerebral disease.
Case report and methods
The patient (Fig 1) was the second child born to Scottish parents who are first cousins, whose firstborn daughter was normal. The pregnancy was uneventful and delivery occurred at 42 weeks' gestation by caesarean section for fetal distress. Birth weight was 4.35 kg (approximately the 90th centile) and head circumference was 38.5 cm (greater than the 90th centile). General physical examination revealed a non-dysmorphic infant who had a small 'port wine' haemangioma on her right shoulder.
In the neonatal period she developed jaundice, requiring phototherapy, and convulsions. Electroencephalogram showed giant (1 mV) spikes. Neuroradiological examination showed wide sutures and fontanelles, thickening of the cranial vault, and a very small pituitary fossa. Computed tomography scanning confirmed hydrocephalus and showed large, hypodense periventricular areas (Fig 2) . The scan appearances also suggested pachygyria, widening of the Sylvian fissures, absence of the septum pellucidum and corpus callosum, and cerebellar hypoplasia.
Clinical ophthalmic examination showed that the child had no definite fixation and rapid conjugate eye movements. Both eyes were highly myopic. The corneas were clear and the anterior chambers and intraocular pressures were normal. Peripheral lens opacities were noted. The retinas were markedly abnormal with diminished sectoral pigmentation-some areas appearing completely atrophic. The discs were hypoplastic. Electroretinograms were reduced and visual evoked responses were of very low amplitude.
Biochemical, microbiological, and serological tests carried out on blood and CSF revealed no evidence of congenital or embryopathic infection. Cytogenetic analysis revealed a balanced translocation (46,XX,t(5p11;-19q13.1)) but an identical translocation was present in the mother and several maternal relatives, all of whom were normal.
The patient had profound mental handicap and milder growth retardation such that, by 5 years of age when she developed precocious puberty, supine length was less than the 3rd centile and weight on the 25th centile for age. The patient died aged 7 years 4 months.
A systemic necropsy, with specialist neuropathological and ophthalmic pathological opinions, was conducted. Neuropathological examination included macroscopic brain cut with appropriate histology, histological examination of multiple skeletal muscle samples and preparations to show innervation. For ophthalmic pathology, the eyes were fixed in 10% neutral buVered formalin. Horizontal blocks, to include the pupil and optic nerve head (PO blocks), were processed for conventional paraYn wax embedding, sectioning, and light microscopy. Sections cut at 5 µm were stained using standard methods with haematoxylin and eosin, periodic acid SchiV (PAS), Masson's trichrome, Gordon and Sweet's method for reticulin, the Masson-Fontana method for melanin and Perl's method for iron. Additionally, immunocytochemical staining, using either the peroxidase-antiperoxidase method or the avidin-biotin-complex (ABC) method, was conducted for the primary antibodies outlined below.
Results
Systemic necropsy confirmed a growth retarded, although well nourished, child with features of precocious puberty. Bone age was in accordance with chronological age.
Neuropathological examination confirmed that the brain was markedly abnormal. There were large areas of agyria with small areas of polymicrogyria (Fig 2) . Hydrocephalus was evident with dilatation of all ventricles. A small corpus callosum was present. The cerebral cortex was abnormal at all sites, with virtually no suggestion of neuronal lamination, the appearance being of complete cellular disorganisation. It appeared that the white matter had no clear organisation and aberrant bundles of myelinated fibres were present in the subpial parts of the cortex. The ependyma was submerged into the brain substance because of a layer of glial tissue lining the ventricles. The brain stem lacked cerebral peduncles, basis pontis, and pyramids. The cerebellum was formed and the vermis was present. However, the cerebellar cortex was of abnormal structure-bands of germinal tissue were present close to the fourth ventricle, there were ectopic collections of Purkinje cells, and cells of the molecular layer were distributed among the cells of the granular layer. Multiple biopsies from diVerent skeletal muscles sampled post mortem did not show any significant microscopic abnormality. Preparations to show innervation showed normal intramuscular nerve bundles and normal branching of axons. The end plates were normal.
The eyes collapsed after fixation. Macroscopically, they appeared to have normal anterior segments. Large sectors of retinal atrophy were evident and the discs were hypoplastic (Fig 3) . Microscopic examination confirmed that the corneas, aqueous drainage systems, and anterior chambers were normal. The irides had cellular aggregates on their anterior stromal surfaces (Fig 4) , the nature of which was investigated immunohistochemically. The cells within the aggregates stained with antisera against vimentin (Immunon), S100 protein (Dako), and HMB45 (Dako), but did not stain with neurofilament (Immunon), glial fibrillary acidic protein (GFAP) (Immunon), CD45 (Immunon), AE1/3 (Euro Diagnostics), QBend10 (Euro Diagnostics), CAM 5.2 (Becton Dickson), CD68 (Dako), or Leu7 (Becton Dickson). This pattern suggests melanocytic diVerentiation although melanin was not detectable within the cells. A few ectopic ciliary processes were present originating from the iris roots but the ciliary bodies were otherwise normal. The anterior lens cortices were liquefied and contained bladder cells.
The most extreme pathology was present in the retinas. There were sectoral abnormalities of varying severity. Sectors of thick retina bordered sectors of totally atrophic and gliotic retina or areas of disordered retina (Fig 5) . These various sectors were arranged indiscriminately. In some sectors the retina was thinned and severely gliotic (Fig 6A) whereas in others the structure approximated normal. Hypoplastic zones appeared to have deficient neuronal lamination. There was a resemblance at some sites to immature stages of prenatal retinal development. One feature, however, which diVered from incompletely formed retina was the presence of well formed photoreceptor outer segments in areas devoid of full retinal lamination. This was particularly evident in the periphery where both rods and cones were present in retina with an overall cellular architecture consisting only of a 'germinal' neuroepithelial layer and a 'marginal'-like layer (Fig 6B) . Better formed areas of retina were distorted due to overlying preretinal membranes. Throughout the retina there were very few ganglion cells and nerve fibres were very reduced in number both in the retina and within the optic nerve. There was no detectable myelination of the optic nerve. The inner retina and optic nerve contained a large number of glial cells detected by anti-GFAP immunohistochemical staining. Islands of ectopic glia were embedded within the optic nerve meninges. At no point, in the multiple sections studied, were neuroepithelial 'rosettes' seen. The retinal pigment epithelium, choroid, and sclera were within normal limits for myopic eyes.
Discussion
This child was aVected by an ultimately fatal constellation of cerebral and ocular abnormalities reminiscent of the malformations present in the group of syndromes characterised by 'cobblestone lissencephaly' 7 (formally known as type II lissencephaly). The conditions included in this group are Walker-Warburg syndrome (WWS), [8] [9] [10] [11] [12] [13] [14] [15] muscle-eye-brain (MEB) disease, [16] [17] [18] cerebro-oculo-muscular dystrophy (COMD), 19 and cerebro-ocular dysplasia-muscular dystrophy syndrome (COD-MD syndrome). While some authors regard these conditions as a single entity with phenotypic variability, this view is contentious. 20 21 Certainly, these syndromes all appear to have autosomal recessive inheritance with a large proportion of reported cases being born to consanguineous parents as in this case. WWS and MEB disease have been considered allelic, 7 as has WWS and Fukuyama muscular dystrophy, the latter condition being mapped to 9q31-33, 22-24 but more detailed gene mapping information is required to clarify the syndromic status of these conditions.
In arguing that these syndromes represent diVerent manifestations of a single disease, Dobyns et al 20 highlighted features common to all reported cases which were regarded as diagnostic criteria. These included type II lissencephaly, cerebellar malformation, retinal malformation, and congenital muscular dystrophy. Diagnostic criteria for various conditions with cobblestone lissencephaly were subsequently refined in an attempt to overcome continued controversy about the relation between the separately described entities, 7 but this case illustrates some continuing diYculties. The neuropathological features that we observed are consistent with cobblestone lissencephalynamely, mixed agyria (but with a finely pebbled surface), pachygyria and polymicrogyria, white matter abnormalities, enlarged ventricles, and brainstem and cerebellar hypoplasia. The striking retinal pathology found in this case is broadly consistent with 'retinal malformation' although, to our knowledge, the pattern of segmental variation in retinal maturity, with superimposed areas of complete atrophy and gliosis, has not been described. The nearest pattern reported in the literature consists of regular segmental 'leopard spots' reported by Barth et al. 25 Unfortunately, in our case there was no record of blood creatine kinase value, but absence of clinically apparent weakness and lack of histological evidence of muscular dystrophy means an important diagnostic feature of both MEB and WWS, namely, congenital muscular dystrophy, was missing. 7 Muscle was found to be normal in another rare entity designated Dobyns-Patton-Stratton syndrome (cobblestone lissencephaly with normal eye and muscle) 7 but the eyes in the few patients with this condition were normal both clinically and electrophysiologically. The atypical retinal features, normal skeletal muscles, unusually long survival of 7 years (median survival for WWS of 4 to 9 months, only 5-10% of patients surviving > 5 years), and the observation of previously unreported cellular nodules on the anterior iris stroma all suggest that this case was not aVected by the usual type of WWS. Ocular pathology typical of WWS [7] [8] [9] [10] [11] [12] [13] [14] [15] includes complete retinal detachment with dysplasia, persistent posterior hyperplastic vitreous, chorioretinal colobomata, optic nerve hypoplasia, microphthalmia, Peter's anomaly, incomplete angle recession with glaucoma, and cataract. It is interesting that the retinal abnormality found in WWS is described as dysplasia with rosettes. Although, by definition, the term dysplasia indicates no more than abnormal prenatal retinal development, the term as commonly used tends to infer the presence of rosettes. 26 27 It is usually present where developing retina is detached from the adjacent retinal pigment epithelium and this is thought to disturb a crucial developmental relation between these two derivatives of the optic cup. 27 While strictly the term is appropriate in this case, the absence of rosettes may make the term dysgenesis preferable in this case to prevent ambiguity.
Iris nodules have not been described previously in the lissencephaly syndromes. Nodules of various types have been described in other conditions such as Down's syndrome, 28 29 the iris naevus (Cogan-Reese) syndrome, 30 Klinefelter's syndrome, 31 Zellweger syndrome, 32 and neurofibromatosis. [33] [34] [35] Of these, the Lisch nodules of neurofibromatosis, [33] [34] [35] which represent melanocytic hamartomata on the anterior iris stromal surface, most closely resemble the nodules seen in this case.
A possible pathogenesis of the cerebral and retinal pathology seen in this case is suggested by apparent immaturity of cerebral and cerebellar cortical lamination and striking similarity of some parts of the retina to immature phases of retinal development. These features suggest failure of neuroblast migration and differentiation from the primitive neuroepithelium resulting in disordered or incomplete lamination and cellular ectopia. 7 It is interesting to speculate that this may have a basis in abnormal guidance by radial glial fibres during development and it seems possible that neuroblasts which have landed in abnormal sites may then have responded to inappropriate environments by increased cell death resulting in atrophy and secondary gliosis. It is of note that the territories aVected in this case are only those parts of the neuroepithelium with a neuronal lineage-the abnormalities in the eye stop abruptly at the ora serrata with derivatives of the inner optic cup anterior to the ora, and the RPE, being apparently normal by light microscopy. This observation, and the sectoral nature of the severity of retinal disease, may suggest that a defect exists in a gene that is responsible for neuronal cell lineage and pattern formation within the neuroepithelium, such as PAX6. 36 This observation may indicate future genomic sites worthy of examination to identify the molecular defect responsible.
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